Abstract
INTRODUCTION
In many organic synthesis homogeneous catalysts such as pTSA, sulfuric acid, phosphoric acid, perchloric acid etc. were extensively used and have several disadvantages. These catalysts are being replaced by solid catalysts such as cation-exchange resin, zeolites, metal oxides, acid treated clays etc, which improves the economics of the process and also eco-friendly in nature [1] [2] [3] [4] .
In verity of organic reactions inorganic clays attracted the researches attention to use it as catalyst support [5] [6] . Surface modifications of clays are performed in-order to improve the acidity of clay matrix which can be achieved by acid activation of clays [7] . Improvement of catalytic activity of raw clay exclusively depends upon the acid treatment conditions applied [8] [9] [10] [11] . SM clays were used as catalysts for esterification [12, 13] , adsorbent [14] [15] [16] [17] .
Organic esters are widely used as solvents, plasticisers, as a intermediate in many organic synthesis and in the manufacture of many fine chemicals. Maleate esters are used as an intermediate in organic synthesis and can be synthesized by treating maleic anhydride [1, [19] [20] [21] [22] [23] or maleic acid [18] with ethanol. Jaung H. M. [23] has reported the preparation of diethyl maleate by esterification of maleic anhydride by using homogeneous catalyst p-tolune sulfonic acid. Yadav G. D. [18] had carried out the extensive kinetic study for the esterification of maleic acid with ethanol over various cation exchange resins.
The primary objective in this article is to modify the surface of inorganic clay (bentonite), characterization and application of SM clay for the esterification of maleic acid with ethanol.
EXPERIMENTAL

Chemicals
All the chemicals used for the experiment were of reputed company. Bentonite and maleic acid were purchased from s. d. fine chemicals. Ethanol, potassium hydroxide was obtained from Meark. All the chemicals were used as received without any purification. Solutions were prepared in double distilled water, whenever required.
Synthesis of SM Clays
In the typical synthesis of SM clay, 100 gm of clay sample was slurred with 1000 ml water and allowed to be swell overnight at room temperature. 30 gm of concentrated sulfuric acid (98%), acid to clay ratio on weight basis 0.3, was added slowly drop by drop to the clay-water slurry. The resulting mixture was kept in constant temperature bath at 90 o C for 16 hr. The slurry was continuously stirred at about 200 rpm by overhead stirrer. Regularly the pH of the mixture was checked and maintained constant at 2. At the end of the stirring, 1000 ml chilled water has been added to stop the reaction [12, 13] .
The resulting slurry was washed several times with hot double distilled water in centrifuge (RIMI modal) until it becomes free of SO 4 2-ions. BaCl 2 test has been conducted to ensure the slurry is free of SO 4 2-ions. The resulting acid activated clay was dried overnight at 110 o C and ground to a fine powder.
Acid activated clay (50 gm) was added to 2000 ml aqueous solution of hydrochloric acid (0.5 M). Predetermined solution to clay ratio of 40 ml/gm of clay was maintained. Protonation of acid activated clay was then conducted at room temperature for 18 hr with constant stirring. At the end of the process, the resulting slurry was washed several times with double distilled water in RIMI centrifuge. AgNO 3 test was conducted to ensure that the clay is free of Cl -ions. The resulting solid was dried overnight at 110 o C in an oven and then ground to fine powder.
Experimental Procedure
Batch experiments were carried out in a mechanically agitated reactor 2.5 ×10 -4 m 3 capacity provided with reflux condenser immersed in constant temperature bath. Maleic acid (0.171 moles) and ethanol (0.857 moles) were taken into reactor and allowed to attend reaction temperature and then catalyst (120 kg/m 3 ) was added to reaction mixture. The samples were withdrawn and analyzed chemically as well as by Gas chromatography at specific interval of time.
Analysis
Fractional conversion of maleic acid was estimated by chemical and gas chromatographic analysis. Chemical analysis was carried out by titration of reaction mixture sample with alcoholic KOH. Details of gas chromatography analysis are listed in table 1. Figure 1 shows the FTIR spectra of raw and modified clay. Samples were dried at 100 o C before FTIR analysis to remove weakly adsorbed species. The characteristic band in the range of 3100 -3700 cm -1 assigned to stretching frequency of -OH group of freely bounded water on clay surface [24, 25] . The band in the range of 2800 -2900 cm -1 observed in modified clays which corresponds to -C-Hstretching vibration [24] . This confirms the modification of surface occurs by means of acid treatment. In FTIR spectra of SM bentonite, the characteristic band at 1545 cm -1 shows Bronsted acidic sites and band at 1488 cm -1 shows the contribution of both Lewis and Bronsted acidic sites [25, 26] . The Si-O-Si linkage stretching vibration on unmodified bentonite surface was observed at 1632 cm -1 which has been shifted to 1641 cm -1 in modified bentonite clay. This shifting of band clearly indicated that the interaction of clay with sulfuric acid. The band at 1001 cm -1 attributed to Si-O stretching frequency in raw bentonite has shifted to higher wavenumber 1031 cm -1 with additional shoulder peak at 1009 cm -1 in modified bentonite [16, 24] . Figure 2 shows the TGA of raw and modified clays. All the samples were dried at 110 o C overnight before analysis. The measurements were carried out in the range of 30-800 o C at heating rate of 10 o C/min. TGA curve of bentonite shows sharp weight loss of about 8% below 100 o C due to dehydration, which corresponds to the removal of physically adsorbed water from the surface, whereas in case of SM Bentonite it shows only 4% loss. This minor weight loss in the temperature range of dehydration step implies the changes in the thermal stability of modified bentonite [13, 27] . There was negligible weight loss upto 400 o C due to hydroxyl water associated with parent clay structure. Gradual weight loss was observed for modified bentonite in the range of 100-400 o C which corresponds to hydroxyl water and sulfonic acid group [13, 28] . Additional amount of chemisorbed water was lost during 400 -650 o C present in the structure [28] and gradual weight loss of about 4% in the range of 350 to 675 o C due to additional amount of water present between the layers of the clay [12] . Maximum weight loss was observed at about 450 o C, this weight loss was due to additional amount of water and organic moieties incorporated onto the clay structure during the acid treatment. The changes in the decomposition pattern of parent bentonite support the interaction of clay structure with sulphuric acid. 
RESULTS AND DISCUSSION
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Kinetic Model
The esterification of maleic acid with ethanol in presence of catalyst can be represented as follows:
The esterification maleic acid with etahnol assumed to be occurred in two steps (Eq. 1), formation of monoester and reaction of monoester with another ethanol molecule to form diethyl maleate. The first step assumed to be faster as compare to latter [3] . The concentration of ethanol during the reaction was kept in excess to shift the equilibrium towards the formation of product.
Yadav (2002) [18] reported a pseudo homogeneous model for the kinetic study of esterification of maleic acid with ethanol over various cation exchange resins. As the experiments were conducted under similar conditions except catalyst, same model was used to validate the experimental data and calculation of kinetic parameters. Table 2 describes the summery of rate constants evaluated for different runs. The kinetic model is as below:
Where M, X A , C A0 , w and k 1 is mole ratio (ethanol to maleic acid), fractional conversion of maleic acid, weight of catalyst, initial concentration of maleic acid and rate constant respectively. 
Catalyst Study
Catalytic activity of SM bentonite was investigated for the esterification of maleic acid with ethanol. The reaction was carried out in a batch reactor as mentioned earlier. Based on the reaction mixture volume 120 kg/m 3 of catalyst was employed for maleic acid to ethanol mole ratio of 1:5. The reaction was carried out at 80 o C at 1000 rpm. Fig. 3 shows the fractional conversion of maleic acid with time for SM bentonite as a catalyst. It has been observed that after 120 min there was no significant change in fractional conversion of maleic acid hence all further experiments were conducted for three hours. 
Effect of Speed of Agitation
To study the effect of speed of agitation on the conversion, speed was varied from 500 -1000 rpm. Similar reaction condition was maintained as mentioned earlier except the speed of agitation. It was observed that there is no significant change in the fractional conversion of maleic acid (Fig. 4) and hence all the further experiments were conducted at 1000 rpm.
Effect of Catalyst Loading
Catalyst loading was varied from 50 to 120 kg/m 3 based on the reaction mixture volume under otherwise similar conditions (Fig. 5) . As the catalyst loading increases the active sites available for reaction increases and consequently the conversion of maleic acid increases. At higher catalyst loading the rate of mass transfer of reactant from the bulk of liquid to solid surface is high and conversion increases proportionally [18] . It was observed at higher catalyst loading there was reasonable change in the conversion of maleic acid. Experimental data obtained for different catalyst loading was validated using kinetic model. LHS of Eq. (2) was plotted against time t (Fig. 6) , which shows the straight line passing through the origin with slope -k' ‖. The value of -k' ‖ for different catalyst loading plotted against weight of catalyst w, kg/m 3 ( Fig. 7) , which gives straight line with R 2 = 0.971and this supports that adopted kinetic model can be used to validate the experimental data. 
Effect of Mole Ratio of Reactants
Ethanol was taken in far excess to shift the equilibrium towards the formation of diethyl maleate. The limiting reactant maleic acid (0.172 mole) and desired amount of ethanol was taken in excess to study the effect of mole ratio. The mole ratio maleic acid:ethanol was varied from 1:5 to 1:15. It was observed that as the amount of ethanol increases reaction shifts towards the product side. There was no significant change in conversion of maleic acid for mole ratio of 1:10 and 1:15 ( Fig. 8 ) Again the experimental data for mole ratio was plotted using Eq. (2) (Fig. 9 ) and it was found that experimental data fits the kinetic model well 
Effect of Temperature
The effect of temperature on the rate of reaction was investigated in the range of 50 to 80 o C. It was observed that the conversion of maleic acid increases with increase in temperature (Fig. 10) . Kinetic model Eq. (2) was plotted to determine the rate constant for the system. From fig 11  suggest that the adopted kinetic model reasonably represents the system in the temperature range 50-80 o C. From the slope of the straight line the value of rate constant k 1 was calculated. The Arrhenius equation was used to determine the activation energy of the reaction for modified bentonite catalyst (Fig. 12) . The activation energy was found to be 14.68 kcal/mol. 
CONCLUSION
The surface of inorganic clay bentonite was modified by acid treatment and surface modification was confirmed by characterization using FTIR and TGA. Surface modified clay was used as catalyst for the esterification of maleic acid with ethanol. SM bentonite shows better catalytic activity. Experimental data for various parameters were validated by pseudo-homogeneous kinetic model. Rate constant for reaction at different operating conditions were calculated and activation energy of reaction was found to be 14.68 kcal/mol.
